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ABSTRACT
International Journal of Exercise Science 12(4): 932-940, 2019. The purpose of this study was to compare

the effect of 24-, 36-, 48-, 72- and 96-hours between-test rest intervals on the reproducibility of the 10-RM smith
machine back squat (BS), bench press (BP) and leg press at 45 degrees (LP45) exercises. Twelve resistance trained
men (26.6 ± 4.5 yrs; 179.0 ± 5.5 cm; 92.2 ± 24.6 kg) performed five sets of identical 10-repetition maximum (10-RM)
tests for the BS, BP, LP45 exercises, each set with a different interval between tests: 1) twenty-four hours (Post-24),
2) thirty-six hours (Post-36), 3) forty-eight hours (Post-48), 4) seventy-two (Post-72), and 5) ninety-six hours (Post96). Significant differences in 10-RM from pretest to posttest were observed for BS in Post-24 (p < 0.001; ∆% = 12.62), Post-36 (p < 0.001; ∆% = -6.57), and Post-96 (p = 0.015; ∆% = 6.84). Similarly, significant differences in 10-RM
from pretest to posttest were observed for BP in Post-24 (p < 0.001; ∆% = -9.22), Post-36 (p = 0.032; ∆% = -3.04), and
Post-96 (p < 0.001; ∆% = 5.37). Finally, significant differences in 10-RM from pretest to posttest were observed for
LP45 in Post-24 (p < 0.001; ∆% = -16.55), Post-36 (p = 0.032; ∆% = -5.09), and Post-96 (p < 0.001; ∆% = 5.54). The
reproducibility of 10-RM was examined using intraclass correlation coefficients; BS: 0.944, 0.977, 0.988, 0.986, and
0.954 for Post-24, Post-36, Post-48, Post-72, and Post-96, respectively; BP: 0.894, 0.966, 0.966, 0.960, and 0.976; and
LP45: 0.832, 0.957, 0.984, 0.974, and 0.977 5. Based on the findings, the optimal between test rest interval duration
for 10-RM testing, to provide the best reproducibility, in resistance trained men appears to be 48 to 72 hours for the
BS, BP, and LP45 exercises.
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INTRODUCTION
This improvement in muscle strength (i.e., increased force production capability) is one of the
commonly desired outcomes from resistance training (RT) (6); thus, establishing valid and
efficient methods to measure strength is important. Traditionally, muscle strength is assessed
via completion of the full movement of a given exercise (5). The repetition maximum (RM) test,
the maximum load for which a given number of full repetitions can be competed, is the most
widely used test to measure strength. Maximal strength can be assessed using 1-repetition (1RM) but often multiple repetition RM (e.g., 10-RM) are determined as it involves submaximal
loads (19), might be more reflective of the training performed prior, and often is more useful for
determining subsequent training or experimental loads to be used (3). As such, each RM test fits
a particular need; however, the specific circumstances under which these tests are valid have
not been fully established.
To help ensure that the measure of strength (i.e., RM load) determined is valid, test-retest
designs are employed. From these repeated tests, the intra-class correlation coefficient (ICC),
with the acceptable difference between test and retest defined as less than 5%, are examined to
establish reliability (13, 24). Tests and retests should be performed on separate days to allow for
establishment of the between-day reliability. Since RM testing produces can induce
neuromuscular fatigue, it is suggested that the between-day rest interval range between 48 and
72 hours to allow for adequate recovery and thus valid measurements (13, 24); however,
although several studies have investigated rest duration (10, 14, 15), the effect of rest duration
between tests on the reliability of RM tests have not been established across rest periods up to
96 hours in 24 hour increments and thus the optimal rest time between tests remain unclear.
Therefore, the purpose of this study was to compare the effect of 24-, 36-, 48-, 72- and 96-hours
between-test rest intervals on the reproducibility of the 10-RM smith machine back squat (BS),
bench press (BP) and leg press at 45 degrees (LP45) exercises.
METHODS
Participants
Twelve recreationally resistance trained men (age: 26.6 ± 4.5 yrs; height: 179.0 ± 5.5 cm; weight:
92.2 ± 24.6 kg; BMI: 28.9 ± 7.3) were recruited for this study. An a priori sample size calculation
(using effect Size = 0.85; 1-β = 0.90; α = 0.05; Nonsphericity Correction = 1.0) was conducted
using G*Power (2, 4); this calculation indicated that ten subjects would be adequate to achieve
the aforementioned statistical power. To be included, subjects had to have been involved in a
structured resistance training program that adhered to the guidelines of American College of
Sports Medicine (1) for at least one year prior to the study (actual training duration prior to
study was 27 ± 5 months). Furthermore, subjects were required to have experience performing
the BS, BP and LP45 exercises. Subjects were excluded from participation if they had any
potential injury, orthopedic limitation or pre-existing medical condition that could compromise
their health from study procedures or confound the results of the study. During the six-week
period of data collection subjects were instructed to not engage in any RT or other strenuous
physical activity outside of the study, and to not consume alcohol or caffeine. Prior to the study
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all participants were provided with a verbal explanation of the study and read and signed an
informed consent form and a Physical Activity Readiness Questionnaire. All procedures were
in accordance with the Declaration of Helsinki and were approved by the Institutional Human
Experimental Committee at the University.
Protocol
A counter-balanced, randomized, cross-over, and within-subject for each rest interval
experimental design was used to examine the effect of between test rest time on the reliability
of 10-RM (Figure 1). Participants visited the laboratory on twelve occasions during a six-week
period. During the first two visits, the participants performed a familiarization of all procedures.
Following familiarization, ten experimental sessions, two sessions for each protocol. On the first
visit for each protocol, a 10-RM test was conducted for the BS, BP, and LP45. During the second
protocol visit, subjects performed the same test but with a different rest interval for each of the
conditions: a) twenty-four hours (Post-24), b) thirty-six hours (Post-36), c) forty-eight hours
(Post-48), d) seventy-two hours (Post-72), and e) ninety-six hours (Post-96). The five between
test rest intervals were performed in a randomized order. For all procedures the same apparatus
was used for a given exercise (Pure Strength Line Olympic Flat Bench, Leg Press, and
Multipower, Technogym, Cesena, Italy).

Figure 1. Study design. Post-24 = twenty-four-hour rest interval; Post-36 = thirty-six-hour rest interval; Post-48 =
forty-eight-hour rest interval; Post-72 = seventy-two-hour rest interval; Post-96 = ninety-six-hour rest interval.

Participants’ 10-RM was determined using the method described by Simão et al. (24). Initially,
subjects performed a standardized warm up consisting of fifteen repetitions with a selfsuggested load, approximately 50% of normal training load. Following the warm up, a 10-RM
test was performed for each of the exercises (BS, BP, and LP45), using a balanced and
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randomized order of exercises and a fifteen-minute rest interval between exercises. For the 10RM test the greatest load for which 10 consecutive repetitions could be completed was
determined. Execution of the exercises was standardized insofar as no pauses were allowed
between the concentric and eccentric portions of the lift. A maximum of three trials per exercise
were allowed per testing session; each trial separated by three minutes of passive rest. Testing
was then repeated on another day with a different rest interval between each for the 5 conditions
examined (Post-24, Post-36, Post-48, Post-72, and Post-96). In an effort to minimize the error, the
following strategies were adopted (24): a) all subjects received standardized instructions about
exercise technique and data collection, b) subjects received feedback as to their technique and
were corrected if appropriate, c) all subjects were always verbally encouraged.
Statistical Analysis
Data are presented as means ± standard deviations (SD). Initially, a Shapiro-Wilk and Mauchly’s
test was used to analyze normality and homoscedasticity of the data, respectively. Since
reproducibility of test results were examined, intraclass correlation coefficients (ICCs) were
calculated for each set of pre and posttests (11); furthermore, paired Student's t-tests were used
to compare values for absolute loads between pre and posttest for a given rest interval (e.g.,
Post-24). To determine the magnitude or meaningfulness of potential effects of rest-interval
duration, effect size (ES) estimates were calculated using the standardized mean difference. The
ES represent the standardized within-group change for each measurement time point compared
with resting values (ES = [Mean post – Mean pre] / SD of the resting or pre-value). The
magnitude of the ES was interpreted using the scale proposed by Rhea (20) for recreationally
trained subjects, where < 0.5, 0.50 – 1.25, 1.25 -1.9, and > 2.0 represented trivial, small, moderate,
and large effects, respectively. All analyses were performed using SPSS version 21 (SPSS Inc.,
Chicago, IL, USA) and significance was set at an alpha level of 0.05.
RESULTS
The reproducibility of 10-RM testing is provided in Table 1.
Table 1. Intraclass correlation coefficients for 10-RM testing.
Post-24
Post-36
Post-48
Post-72
Post-96
SmithBack Squat
0.944
0.977
0.988
0.986
0.954
Bench Press
0.984
0.966
0.966
0.960
0.967
Leg Press 45º
0.832
0.957
0.984
0.974
0.977
Note. Post-24 = twenty-four-hour rest interval; Post-36 = thirty-six-hour rest interval; Post-48 = forty-eight-hour rest
interval; Post-72 = seventy-two-hour rest interval; Post-96 = ninety-six-hour rest interval.

Significant differences in 10-RM from pretest to posttest were observed for BS in Post-24 (p <
0.001; ∆% = -12.62), Post-36 (p < 0.001; ∆% = -6.57), and Post-96 (p = 0.015; ∆% = 6.84) (Figure 2).
Similarly, significant differences in 10-RM from pretest to posttest were observed for BP in Post24 (p < 0.001; ∆% = -9.22), Post-36 (p = 0.032; ∆% = -3.04), and Post-96 (p < 0.001; ∆% = 5.37)
(Figure 2). Finally, significant differences in 10-RM from pretest to posttest were observed for
LP45 in Post-24 (p < 0.001; ∆% = -16.55), Post-36 (p = 0.032; ∆% = -5.09), and Post-96 (p < 0.001;
∆% = 5.54) (Figure 2).
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Figure 2. Ten-repetitions maximum (10-RM) load (mean ± SD). (A) Smith back squat; (B) bench press; (C) leg press
45º. RM = repetition maximum. Post-24 = twenty-four-hour rest interval between testing days; Post-36 = thirty-sixhour rest interval between testing days; Post-48 = forty-eight-hour rest interval between testing days; Post-72 =
seventy-two-hour rest interval between testing days; Post-96 = ninety-six-hour rest interval between testing days.
*Significantly (p < 0.05) different from corresponding pretest value.
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DISCUSSION
The purpose of this study was to compare the effect of 24-, 36-, 48-, 72- and 96-hours of rest
between tests on the reproducibility of the 10-RM for BS, BP, and LP45. Our results confirm the
initial hypothesis which suggested that a between-day rest interval ranging between 48 and 72
hours provide better reproducibility. The results of the present study indicate that rest intervals
greater than 72 hours should not be used for the 10-RM test, despite increasing the load on the
posttests, because the difference between posttests and pretest exceed 5%. The results of this
support previous findings, which observed the same optimal range of 48-72 hours of rest (10,
14, 15).
Previous research has shown that adequate recovery periods are needed between exercises
during a RT program to achieve consistency in repetitions (10, 15, 23, 26) and thus by
extrapolation this must also relate to RM testing. In the current study, 24 and 36 hours of rest
resulted in a significant decrease in the 10-RM load between test days for all 3 exercises
examined; whereas, no reductions were found with 48 and 72 hours of rest. These results are
consistent with previous literature (15) and indicate that rest intervals less than 48-hours
between 10-RM testing days are inefficient for the major upper and lower body muscle group
exercises used in this study.
Simão et al. (24) examined other aspects of 10-RM testing procedures and, although not
empirically determined, suggested that between-test rest interval of 48 to 72 hours be used.
Other studies (10, 14, 15) have examined the effects of between-day rest interval duration on
resistance exercise performance. Mclester et al. (14) tested four different recovery periods on
repetition performance. The resistance exercise session consisted of single and multi-joint
exercises, which combined involved both the upper and lower body musculature, using 10-RM
loads. In agreement with the present study, they found that 24 hours between sessions was
insufficient for maintaining resistance exercise performance independent of the number of sets
(3 vs. 7 sets) and suggested that 48 hours between sessions allowed sufficient recovery to
optimize performance. Similarly, Jones et al. (10) investigated the repetition performance in
resistance exercise session for upper and lower body muscles in three sets with 10-RM loads and
four different rest intervals (48-, 72-, 96-, and 120-hours). The authors reported similar results to
those of the present study and found no significant difference between 72-, 96- and 120-hours
and similarly suggesting that 48-hours of rest was optimal for muscular force production. To
the best of our knowledge, the present study is the first research to examine different betweenday rest intervals up to 96 hours in 24 hours increments for test-retest reliability of the 10-RM
test.
Recently, Miranda et al. (15) examined the repetition performance in resistance exercise sessions
for chest muscles (bench press, 30º incline bench press, and 45º incline bench press exercises) in
four sets with 8-RM loads and three different rest intervals (24-, 48-, and 72-hours). Blood lactate
concentrations was measured at pre-session, immediately post-session, and three- and fiveminutes post-session. Authors reported similar results to the current study and found significant
decreases in repetition performance and significantly higher blood lactate concentrations with
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24-hours of rest compared to longer rest intervals (48- and 72-hours). Physiological mechanisms
can help to explain the findings of previous and the current study that a minimum of 48 hours
of rest is needed between sets. For example, fatigue is inversely correlated with the rest interval
as the buffering of glycolytic metabolism of H+ and lactate removal occurs during this recovery
(19). In this sense, motor units are either not recruited, or may not be able to fire with sufficient
frequency, for muscle fibers to generate maximal force18 as a result of the accumulated fatigue.
There are limitations and delimitations to be considered when interpreting the results of the
present study. First, the 10-RM test was purposely chosen for its practical applicability and
cardiovascular safety (18); thus, the finding of a minimum of 48 hours of rest to be needed
between sets might not apply to other RM schemes (e.g., 1-RM or 3-RM). Second, interindividual differences in repetition duration exists and the duration and velocity of each
repetition was not tightly controlled. Although this reduces the internal validity of the results,
as the movement velocity could potentially influence the outcome, such difference of repetition
duration is normally occurring based among other factors on extremity length. Reduction in
velocity during a set of resistance exercise has been shown to be an indicator of neuromuscular
fatigue, and indeed changes in repetition duration for a given individual occur over the course
of a set performed to momentary concentric failure (9, 21); the procedure used in the present
study. Conversely, the freedom to choose the pace duration enhances the ecological (external)
validity of the findings, as it better represents real-life exercise scenarios. Third, the results of
this study may only apply to the exercises examined which were all compound multi-joint
exercises involving a large muscle mass. Whether the same between-day rest interval optimizes
reliability of 10-RM testing for single joint exercises is less clear. Finally, only men were
examined, so these results cannot be extrapolated to women, who have been shown to be less
fatigable than men for dynamic contractions (8, 16) and to have higher relative muscle force (17).
In conclusion, the optimal between test rest interval duration for 10-RM testing, to provide the
best reproducibility, in resistance trained men appears to be 48 to 72 hours for the BS, BP, and
LP45 exercises. Further research is needed to better understand the effects of different betweenday rest intervals for different exercises and in female trainees.
REFERENCES
1. American College of Sports Medicine – Position Stand. Progression models in resistance training for healthy
adults. Med Sci Sports Exerc 41(3): 687-708, 2009.
2. Beck TW. The importance of a priori sample size estimation in strength and conditioning research. J Strength
Cond Res 27(8): 2323-2337, 2013.
3. Berger RA. Determination of resistance load for 1-RM and 10-RM. J Assoc Phys Ment Rehabil 51: 100-110, 1961.
4. Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: a flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods 39(2): 175-191,2007.
5. Flanagan SD, Mills MD, Sterczala AJ, Mala J, Comstock BA, Szivak TK, … Kraemer WJ. The relationship between
muscle action and repetition maximum on the squat and bench press in men and women. J Strength Cond Res
28(9): 2437-2442, 2014.

International Journal of Exercise Science

938

http://www.intjexersci.com

Int J Exerc Sci 12(4): 932-940, 2019

6. Garcia P, Nascimento DdaC, Tibana RA, Barboza MM, Willardson JM, Prestes J. Comparison between the
multiple-set plus 2 weeks of tri-set and traditional multiple-set method on strength and body composition in trained
women: a pilot study. Clin Physiol Funct Imaging 36(1): 47-52, 2016.
7. Gentil P, Campos MH, Soares S, Costa GCT, Paoli A, Bianco A, Bottaro M. Comparison of elbow flexor isokinetic
peak torque and fatigue index between men and women of different training level. Eur J Transl Myol 27(4): 7070,
2017.
8. Hunter SK. Sex differences and mechanisms of task-specific muscle fatigue. Exerc Sport Rev 37(3): 113-122, 2009.
9. Isquierdo M, Gonzales-Badillo JJ, Hakkinen K, Ibanez J, Kraemer WJ, Altadil A, … Gorostiaga EM. Effect of
loading on unintentional lifting velocity declines during single sets of repetitions to failure during upper and lower
extremity muscle actions. Int J Sports Med 27(9): 718-724, 2006.
10. Jones JE, Bishop PA, Richardson MT, Smith JF. Stability of a practical measure of recovery from resistance
training. J Strength Cond Res 20(4): 756-759, 2006.
11. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J
Chiropr Med 15(2): 155-163, 2016.
12. Lasevicius T, Ugrinowitsch C, Schoenfeld BJ, Roschel H, Tavares LD, De Souza EO, … Tricoli V. Effects of
different intensities of resistance training with equated volume load on muscle strength and hypertrophy. Eur J
Sport Sci 18(6): 772-780, 2018.
13. Maia MF, Willardson JM, Paz GA, Miranda H. Effects of different rest intervals between antagonist paired sets
on repetition performance and muscle activation. J Strength Cond Res 28(9): 2529-2535, 2014.
14. McLester JR, Bishop PA, Smith J, Wyers L, Dale B, Kozusko L, … Lomax R. A series of studies – a practical
protocol for testing muscular endurance recovery. J Strength Cond Res 17(20): 259-273, 2003.
15. Miranda H, Freitas Maia M, Paz GA, de Souza JA, Simão R, de Araujo Farias D, Willardson JM. Repetition
performance and blood lactate responses adopting different recovery periods between training sessions in trained
men. J Strength Cond Res 32(12): 3340-3347, 2019.
16. Monteiro ER, Brown AF, Bigio L, Palma A, Dos Santos LG, Cavanaugh MT, … Corrêa Neto VG. Male relative
muscle strength exceeds females for BP and back squat. JEPOnline 19(5): 79-85, 2016.
17. Monteiro ER, Steele J, Novaes JS, Brown AF, Cavanaugh MT, Vingren JL, Behm DG. Men exhibit greater
fatigue resistance than women in alternated bench press and leg press exercises. J Sports Med Phys Fitness 59(2):
238-245, 2019.
18. Monteiro ER, Novaes JS, Fiuza AGM, Portugal E, Triani FS, Bigio L, … Corrêa Neto VG. Behavior of heart rate
variability after 10 repetitions maximum load test for lower limbs. Int J Exerc Sci 11(6): 834-843,2018.
19. Ratamess NA, Falvo MJ, Mangine GT, Hoffman JR, Faigenbaum AD, Kang J. The effect of rest interval length
on metabolic responses to the BP exercise. Eur J Appl Physiol 100(1): 1-17, 2007.
20. Rhea MR. Determining the magnitude of treatment effects in strength training research through the use of the
effect size. J Strength Cond Res 18(4): 918-920 ,2004.
21. Sanches-Medina L, Gonzalez-Badillo JJ. Velocity loss as an indicator of neuromuscular fatigue during resistance
training Med Sci Sports Exerc 43(9): 1725-1734: 2011.

International Journal of Exercise Science

939

http://www.intjexersci.com

Int J Exerc Sci 12(4): 932-940, 2019

22. Schoenfeld BJ, Ogborn DI, Vigotsky AD, Franchi MV, Krieger JW. Hypertrophic effects of concentric vs.
eccentric muscle actions: A systematic review and meta-analysis. J Strength Cond Res 31(9): 2599-2608,2017.
23. Scudese E, Willardson JM, Simão R, Senna G, de Salles BF, Miranda H. The effect of rest interval length on
repetition consistency and perceived exertion during near maximal loaded bench press sets. J Strength Cond Res
29(11): 3079-3083, 2015
24. Simão R, Farinatti PdeT, Polito MD, Maior AS, Fleck SJ. Influence of exercise order on the number of repetitions
performed and perceived exertion during resistance exercises. J Strength Cond Res 19(1): 152-156, 2005.
25. Taylor JL, Todd G, Gandevia SC. Evidence for a supraspinal contribution to human muscle fatigue. Clin Exp
Pharmacol Physiol 33(4): 400-405, 2006.
26. Villanueva MG, Lane CJ, Schroeder ET. Short rest interval lengths between optimally enhance body composition
and performance with 8 weeks of strength resistance training in older men. Eur J Appl Physiol 115(2): 295-308, 2015.

International Journal of Exercise Science

940

http://www.intjexersci.com

